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1. Introduction
With the continued scaling down of VLSI

rs interconnects can linit device
perfornancel yield and reliability. In
particular, problems with contacts in the
conventional A1 metallization process becone

quite serious, such as open or reliability
fai.lure of the A1 interconnects due to high
aspect rati-o of contact holes and poor step
coverage of the sputtered A1, increase in
the eontact resistance eaused. by Si
preeipitation, and degradation of the
shallow junctJ-on characteristics by A1

spiking. These problems in todayrs scaled-
down devj-ces strongly require new naterial_s
and processes which planarize the eontact
holes with excellent characteristics and

reliaibility.
A variety of candid.ates for the

planarization of interconnects (nole
filling) have been proposed. as sumnarized in
Table 1. This paper reviews and discusses
recent advances in the planarization
technologies.
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2. Conformal CVD

Conpletely confornal deposition can

provide flat surfaces because fj-lns
deposited on sid.ewalls of holes and grooves

will conbi-ne with one another to fill them.

The confornal CVD planari-zation is quite
attractive since it requires only a si-ngle

deposi-tion process which i-nvolves both hole
filling and. interconnect netallization, In
order to obtain confornal coverage, low
pressure CVD teehnique is used. und.er the
condition that the depositi-on rate i_s

limited by surface reaction, not by nass

transport.
Mueh interest becomes to be taken to

blanket CVD-W 11 r2l instead of A1

13r/rl, conventional naterial, because CVD-AI

has problems of filn quali-ty, Iow deposition
rate and. difficulty in adding impurities.
Fingure 1 shows a Sm,l photograph where

blanket W is deposited on Si- grooves, It is
seen that the grooves are conpletely filled
by the W filn wlthout any keyhole (void).
Another important feature is its high

The role of metalfization is nost inportant in determining speed
performance, yield and reliability of devices as the technology ad.vances
toward. ULSI. This paper is focussed on the planarization of j-nterconnects,
particularly hole filling, which in fact beeomes the liniting factor of
technology enhancement. Anong a variety of cand.id.ates for the
planarizati-on, confornal CVD-W, selective CVD-W and bias sputtered AlCu are
pronising. The present status and limitati-ons of these technologies are
reviewed, and the future requirenents are discussed,
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electronigration resistance, whose lifetime
is longer than that of A1 interconneet by
about 15 orders of magnitud.e[5]. The

adhesion problem between W and Si02 can be

prevented by adding a thin layer between
them such as TiW and TiN, which can also
ensure junctlon characteristics and. high_
temperature reslstance (about 9O0oC) .

The resi_stivity is relatively high
(about fi yL-cm) compared with that of A1.
fn order to red.uce the resistance, At/W

structure has been reported [6]. Another
problen i-s its surface morphology as seen
in Fig.1. Since the rough surface makes it
difficult to detect an alignnent narker
durlng lithography, it will be required. to
optimize the depositlon eond.ltion.

3. Bias Sputtering
Planarized. netal layers can be achieved.

by bias sputtering under high resputtering
condi-tion. A1 l7l and Mo t8l films have

been fill-ed in contact holes. The

deposition rate, howeverris very low and. is
estinated. to be less than O.1l,yn/nin for Al-

[9], since flat surfaces requi-re etching of
the deposited netal in quantities.

Pl-anarization can be obtained by another
mechanlsn due to substrate heating (aOO',.JOOo

C) and Ar ion i-rrad.iation, resulting in a

plastic d.eforuation of A1 film to fill the
contact hbles [10]. In this case the
depcsi-tJ-on rate hardly decreases to be 0.5
yn/nLn [11]. Figure 2 shows a SEt"l photograph

Hrttm
confornal CVD-W.

of the step coverage. Barrier layers seen

to be necessary in ord.er to prevent Af/Si
interactions and to provide good filling
property. The bias sputtering method has an

advantage over other nethods, since it
enploys familiar process except for the
slight nodificatlon of a sputtering systen.

A problern encountered in this technique
is the degradation of film quality. The

alignment of the interconnect is difficult
because of the 1ow refleetj_vity due to
surface roughness. Furthernore, in the case

of AlSi the lifetime of el_ectromi-gration is
remarkably reduced conpared with the
conventional film llZ1. Most recently,
however, it has been reported that the
lifetime is improved by using AlCu f1lms
1131, ind.icating the inportance of
materials. It will be needed to study the
limit of applicable aspect ratio.

/1,. Selective Deposition
A vari-ety of netal films can be

seleetively deposited on Sil silicid.e and

other metals, but not on d.ielectri-c
naterlals by CVD technigue lltnl. Selective
CVD-W has been exciting interestl since
recently a novel process by using si_lane

reduction of tungsten hexafluorid.e has been

reported 1151161. The silane-reduction
process can provj_de a very high deposition
rate of 0.6 lln/n:-n conpared with the
conventi.onal- hydrogen-reduetj-on process of
several 0.01 yn/nj:n Figure 3 shows a SFll,l

ffi
Fig.2 Step coverage of bias-sputtered AlSi.Fig.1 Step eoverage of
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pi-cture of contact hol-es fiIled by selecti-ve
CVD-W. The process can suppress und.esirable
reacti-ons between W filns and Si substrate
sueh as encroachnent and wormholes,
resulting in excellent electrical
characteristics. The W films also can
prevent the Si precipitation due to AlSi
interconnects, and then ensure the stable
contact resistance particularly for smal1
contacts even after heat treatnent at 50OoC.

The fatal- probleur in this rnethod is not
to und.erstand. the mechanisn of selective
depositj-on elearly. In a fabrication
process it is difficult to conpletely fill
all holes with different depth, although it
has been reported that holes with different
depth can be filled by using the deposition-
rate dependence on underlylng naterj-aIs
[17]. Therefore, device structures nust be

optinized, or the film thickness must be

chosen to be the urost shallow depth.

HLUm

Fig.3 Hole filling by selective CVD-W.

5. Sunmary

Planarization technologies of
interconneets, particularly hole fillingt
have been reviewed.. Although nany kinds of
methods have been prorosed, confornal CVDI

selective CVD and bias sputteri-ng are

promising eand.id.ates for future devj-ces to
overcone severe metallizati-on problens. In
order to apply them in a mass prod.uctiont

further advances are necessary regarding

planarization mechanisn, film
characteristics, controllability, process

conpati.bility and throughput.
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